Introduction and objectives
Management systems and changes in the intensity of pastoral utilization are widely recognized as key issues of integrated and applied research on African rangelands. The contemporary debate focuses on topics such as sustainability of indigenous range management strategies, legitimacy of transhumance, and ecological outcomes such as land cover change and environmental degradation. Classic concepts, based on assumptions of stability and equilibrium of ecological carrying capacity, have provided the standard by which many rangelands are considered overstocked and deteriorated. This conventional view stresses the destructive potential of mobile livestock keeping and the need for control of animal numbers and herd movements. Especially in the case of rangelands managed under traditional common property regimes, land mismanagement and subsequent land degradation are typically attributed to pastoralism. The theoretical framework is based on the 'tragedy of the commons' paradigm (HARDIN 1968) , which serves as an underlying key model to describe resource degradation as a consequence of many individuals using scarce resources in common.
A number of recent studies (e.g. SCOONES 1995; LEACH a. MEARNS 1996; NIAMIR-FULLER 1999) challenge these core conjectures for the semiarid rangelands and thus give way to a 'new paradigm' in the assessment of pastoral development in Africa. Production potentials of semiarid rangelands are generally characterized by non-equilibrium dynamic patterns (BEHNKE a. SCOONES 1993; BEHNKE a. ABEL 1996) due to high levels of inter-annual variability of precipitation with frequent droughts and other unpredictable factors. Therefore, prognostic scenarios and explanations of calamities primarily based on concepts of ecological carrying capacity are often insufficient. Apparently, most classic approaches tend to neglect issues such as indigenous knowledge in range management and do not recognize the necessities and particularities of livelihood strategies under conditions of uncertainty (e.g. PERRIER 1995; SANDFORD 1995; SCOONES 1996) . More recent approaches on 'governing the commons' (OSTROM 1990) put particular emphasis on understand- Summary: Since colonial times, the mountain kingdom of Lesotho has served as a prominent example for widespread land degradation. Over the last decades, land use has been confronted with accelerated soil erosion, turf loss and grassland degradation as a result of a generally high and continuous anthropo-zoogenic impact, e.g. grazing, grassland burning and fuelwood collection. Based on a comparative approach, this paper analyses recent developments of pastoral resource utilization and subsequent vegetation change in the Sanqebethu Valley, situated in the eastern highlands of Lesotho (Mokhotlong District). The assessment of contemporary land use and land cover change is based on a time series of remote sensing data (Landsat TM) from 1989 and 1999, a recent ground survey and comparative data from 1988. High altitude grasslands show a slight reduction of vegetation cover, although the general intensity of pastoral utilization decreased significantly in the interim decade. The results are discussed with regard to recent pasture-ecological and theoretical concepts.
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ing indigenous rules and regulations in the management of common property regimes.
As uncertainties prevail about the extent of environmental degradation and the role of local communities in fostering landscape changes, integrated case studies are required to identify and account for the frequency and magnitude of land use and land cover change.
1)
The small and land-locked mountain kingdom of Lesotho (30, 355 km 2 ), formerly the British protectorate of Basutoland (1884 Basutoland ( -1966 2) , is regarded as a prominent example of widespread environmental degradation. The decreasing agrarian production potential and degradation of cultivated areas and pastures is indicated by accelerated soil erosion and turf loss. Annual loss of arable land is estimated to reach an area of 1,000 hectares (GAY et al. 1995, 51) . According to this figure the arable land of Lesotho shrank from 9% to 8% of the total area between 1994 and 2001. Taking into account the recent population growth of 2.6% per year (CHAKELA 1999, 206) , population density of Lesotho had increased to 800 people per hectare of arable land in 1997. Continuous pressure on the agrarian resources and rapid expansion of settlements during the past century challenge developmental perspectives of land use systems and raise questions about contemporary land cover change and sustainability.
The high altitude vegetation of Lesotho is one of the country's most valuable resources for the subsistence of the local population and a key issue for the regional hydrology of the mountain catchments (GROBBELAAR a. STEGMANN 1987; MORRIS a. GRAB 1997) . A better understanding of resource management systems and land cover change requires an integrated research perspective, which takes into account issues such as environmental conditions, natural hazards, regional livelihood strategies and external influences (NÜSSER 2000; GRAB a. NÜSSER 2001) .
The present study comprises an assessment of contemporary changes in pastoral utilization and corresponding changes of vegetation status and land cover in the catchment area of the upper Sanqebethu River (Mokhotlong District, eastern Lesotho). The focus is on the situation and conditions in 1988/89 and 1999. The upper Sanqebethu Valley is selected as a case study region in order to reassess sites which have been studied in 1988 within the South African 'Drakensberg/Maluti Mountain Catchment Conservation Programme' (MORRIS et al. 1989; QUINLAN 1989; BAINBRIDGE et al. 1991) .
3) Especially the detailed grazing inventories carried out by QUINLAN (1989) and by the Range Management Division of Lesotho (1991) serve as a valuable database for comparative studies. The primary goal of recent fieldwork is to provide detailed information on the intensity and development of pastoral utilization (livestock units, stocking densities), the distribution and functional differentiation of grazing posts (location, utilization period) and the pastoral migration patterns (seasonal mobility, daily grazing). The intensities of pastoral utilization during the summers and winters of 1999 are investigated, mapped and quantified in order to collate them with respective data from 1988. Furthermore, comparative analyses of matched satellite imagery from 1989 and 1999 enable correlations between pastoral utilization and land cover change to be made.
Study area: location, accessibility and environmental setting
The undulating mountain plateau of eastern Lesotho is bounded by the rugged barrier of the High Drakensberg, the most prominent part of the Great Escarpment. This continental watershed also marks the boundary between Lesotho and KwaZulu/Natal, a province of the Republic of South Africa (Fig. 1) . Comprising the easternmost part of the Lesotho highlands, the study area extends between 29°15'-29°22'S and 29°15'-29°27'E. It encompasses the uppermost villages and cultivated areas of the Sanqebethu Valley with its upper tributaries Jareteng, Langa-le-balele, Mahlabachana, Merareng and Moiteling to the east, and the uppermost Mokhotlong Valley to the southeast. The topography of the region is markedly mountainous, encompassing ranges that reach elevations above 3300 m, and the deeply incised Sanqebethu Valley between 2400 and 2750 m (Photo 1). At the southeastern edge of the study area, Giant's Castle (3314 m) separates the north-east-facing portion (Northern Berg) of the High Drakensberg, from its south-east-facing part (Southern Berg).
Towards South Africa, the Giant's Castle Game Reserve (34,638 ha), one of the provinces' oldest nature reserves (proclaimed in 1907) within the present uKhahlamba Drakensberg Park (250,000 ha) adjoins the study area to the east. The accessibility of Sanqebethu Valley from Mokhotlong Town, the central place of eastern Lesotho has been improved after the opening up for four-wheel drive vehicles in 1975. Presently the track goes up to the village of Koeneng (2530 m), whereas the upper tributaries of the study area can be reached on horseback or foot only. Steep footpaths cross the Bannermann's and Langa-le-balele passes on the South African border (Fig. 2 -Suppl. III). 4) Mean annual precipitation decreases from c. 1600 mm at the escarpment edge 5) to 575 mm at Mokhot- 29° 00' S 29° 00' S 29° 00' S 30° 00' S 30° 00' S 30° 00' S 30° 00' S 30° 00' S 30° 00' S 29° 00' S 29° 00' S 29° 00' S 29° 00' E 29° 00' E 29° 00' E 28° 00' E 28° 00' E 28° 00' E 29° 00' E 29° 00' E 29° 00' E 27° 00' E 27° 00' E 27° 00' E 28° 00' E 28° 00' E 28° 00' E 
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Castle Castle Castle (KILLICK 1978a, 571) . Besides this steep spatial gradient, annual distribution of humidity is strongly seasonal. Almost 80% of the total precipitation falls between October and March (KILLICK 1978a, 567) resulting in a humid vegetation period. Frequent thunderstorms and recurrent periods of fog contribute to the general humidity during summer. Winter conditions are characterized by a long frost period with extended droughts. Absolute minimum temperature drops to below -20°C at the highest altitudes. Usually restricted to the summits and ridges in the proximity of the escarpment, snow falls frequently between April and September but rarely results in a longer lasting cover (MULDER a. GRAB in press). However, snow cover may last for several weeks in exceptional years (e.g. in 1964, 1987 and 1996) . Differences exist between north and south-facing slopes because of distinct solar radiation patterns (GRANGER a. SCHULZE 1977) . Apparently, the resulting ecological differences, such as snow cover duration and moisture conditions between the warmer and drier north-facing slopes and the colder and moister south-facing slopes are important for the distribution of vegetation types. The vegetation of the summit plateau between approximately 2750 m and the highest peaks comprises grassland, dwarf-scrub, wetland, and open scree and rock communities. Basalt outcrops are colonized by scattered patches of turf. These vegetation types are generally distributed as mosaics, controlled by altitudinal zonation, modified by aspect and microclimate, and ultimately transformed by human impact. The vegetation is best developed between December and the end of March, leaving the remaining time of the year with a dry and brown composition.
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The high altitude grasslands are usually dominated by the grasses Merxmuellera disticha, Festuca caprina, Pentaschistis oreodoxa and Harpochloa falx, or in moister places by the sedge Scirpus falsus. Ecological conditions and spatial distribution of these grasslands are likely to have been changed as a result of anthropo-zoogenic impacts over the last century. Species composition of the grassland vegetation, depending on the resilience to grazing and relative palatability of individual species, was probably also transformed. Subtropical Themeda triandra grasslands (Sesotho: seboku) are usually confined to the lower and warmer north-facing slopes below 3000 m. These grasslands are considered the economically most valuable pasture type. Themeda triandra is considered to decrease in abundance as grazing intensity increases (STAPLES a. HUDSON 1938, 13-16; MORRIS et al. 1989, 102) .
Dwarf-scrub composed of Helichrysum trilineatum, Erica dominans, Chrysocoma ciliata and Pentzia cooperi colonizes heavily grazed slopes and valley bottoms. Especially Chrysocoma ciliata and Pentzia cooperi are considered to be strong invaders. These species, 'encroaching' from the lowlands of Lesotho, show a distinct increase (VAN ZINDEREN BAKKER 1955, 417; KILLICK 1978b, 539; BACKÉUS a. GRAB 1995, 246) . The wetland areas are often fringed by Merxmuellera drakensbergensis patches at water surplus sites. This less palatable tussock grass is frequently burnt, to obtain fresh green sprouts, which make a better fodder, especially for cattle. Burning of the tussocks is also considered a method of repelling jackals, which may predate sheep and goats. Besides, the foliage of M. drakensbergensis is also used for thatching of the grazing posts' roofs and for making ropes.
Transhumance patterns in eastern Lesotho: principles and evolution
Land use strategies of the Basotho people combine cropping and animal husbandry. Regular seasonal transhumance patterns between villages and mountain pastures are an integral element of the mixed agricultural system. Large flocks of sheep, goats, cattle and horses are kept in the high altitude grasslands during the summer grazing season between November and April. Scattered grazing posts (Sesotho: motebo) 7) , with round stone huts and surrounding kraals, serve to house the shepherds and their small stock overnight (Photo 2). 6) Hydrological functions, ecological aspects and degradation of Lesotho's wetlands, which act as sponges and secure perennial runoff, have been a major research issue over decades, e.g. VAN ZINDEREN BAKKER (1955) ; JACOT GUILLARMOD (1962; 1963; 1969) ; VAN The livestock grazes on the slopes in the vicinity of these motebos.
Summer grazing posts are usually located at altitudes between approximately 2750 and 3100 m. Although the high altitude grasslands are predominantly used for summer grazing, selected portions of these areas also serve as winter pastures, mainly for robust sheep and horses (STAPLES a. HUDSON 1938, 19; QUINLAN 1995, 503) . In order to provide shelter in case of heavy snowfall, most winter grazing posts are located near to the uppermost villages, regularly below 2750 m so that livestock can be brought down quickly (QUINLAN a. MOR-RIS 1994, 78). As considerable portions of the subtropical Themeda triandra grasslands, especially on the more gentle slopes, have been transformed into cultivated fields and degradation of the remaining winter pastures in the village environs is widespread, stockholders are forced to use the high altitude grasslands on a permanent basis. Lack of sufficient winter forage is considered the major constraint for livestock keeping in the Lesotho highlands (Photo 3). Besides frequent animal losses due to deficient fodder resources, heavy snowfall and extended periods of drought, livestock keeping is confronted with high levels of stock theft and predatory jackals.
The altitudinal zonation and seasonal pattern of livestock keeping have evolved over the last century in response to increasing degradation of the lowlands and foothills (QUINLAN 1995, 492; NÜSSER 2001, 33) . Rapid expansion of cultivated areas with scattered villages up to about 2700 m commenced simultaneously since the 1890s (STAPLES a. HUDSON 1938, 19) . The development of land use evolved in parallel with distinct territorial utilization rights. Grazing areas in the vicinity of the villages were controlled by local chiefs and headmen, who imposed basic regulations to prevent free grazing of animals during the cropping season. Certain areas containing useful vegetation were set aside for the propagation of grass, thatch grass, and fuel wood. The need to conserve pastoral resources and livestock is based in indigenous law through the concept of leboella, which basically refers to restrictions of utilization in order to promote regeneration of natural vegetation and rotational usage (QUINLAN 1989, 25; WITZSCH 1992, 23) . In contrast, temporal and spatial restrictions of utilization are rather limited and difficult to control in the remote mountain pastures. Grazing rights for the high altitude grassland have solely been issued by the Principal Chiefs as traditional leaders of the Basotho people, who had no reason to restrict pastoral utilization in these uninhabited areas. The lack of conceived territoriality over the mountain pastures has given rise to a transhumance system, which is based upon clan and kinship relations. Therefore, stockholders from different mountain villages and from the lowlands of Lesotho use the high pastures in common. Livestock ownership is further complicated by the traditional system of animal loans (Sesotho: mafisa), which is based on arrangements between stock owners and hired shepherds who care for the animals. Because of these flexible arrangements, people can send their animals to the high pastures, even if their households have not sufficient workforce to cope with the demands of mobile livestock keeping.
8)
The evolution of resource utilization and of the prevalent transhumance pattern is also marked by external interventions and innovations, which began during British colonial times. Prominent examples encompass anti-erosion schemes (SHOWERS 1989, 264; 1996, 655) , the promotion of rotational grazing systems and destocking campaigns (PIM 1935, 140-143; STAPLES a. HUDSON 1938, 39-40) . Traditionally, the Basotho livestock economy mainly concentrates on cattle breeding. Merino sheep and angora goats for wool and mohair production were introduced during colonial projects in the early 1900s, with a view of encouraging marketorientated livestock rearing (QUINLAN 1995, 493) . The introduction of horses and donkeys as riding and pack animals, and selective breeding of the robust Basotho pony were necessary innovations to cope with increasing transport demands after the construction of bridle paths.
Post-colonial developments in pastoral resource utilization are strongly influenced by regulating interventions implemented by the state of Lesotho. Ongoing conflicts between the traditional leaders within the system of Chieftainship and elected Development Councils (since 1986) have led to unsolved problems of competence in adjudication of grazing rights (NÜSSER 2001, 34) . Supported by international aid organizations, a number of development projects, which focus on livestock rearing and sustainable resource utilization have been established during the past 20 years. The objectives comprise a termination of seasonal transhumance between lowlands and mountains, inventories of grazing areas, livestock registration and grazing fees (MARTIN 1984, 32; PHORORO a. SIBOLLA 1999, 73) . The intention was to replace the extensive subsistence economy with a commercial community-managed and state-regulated economy. The most substantial strategy to achieve these goals has been the introduction of Range Management Areas (RMA) for exclusive utilization rights of registered members of Grazing Associations (WEAVER 1991; ARTZ 1993; BUZZARD 1994) .
Since 1988 Moreover, seasonal differences and spatial aspects of grazing post utilization have to be taken into consideration, as these factors contribute significantly to uneven grazing intensity. In sheltered positions, especially in the vicinity of junctions with the tributaries of the Sanqebethu River one can find a number of grazing posts that are used throughout the year. These permanently used grazing posts are located below 2750 m, so that the uppermost villages can be reached within three to four hours in case of snow hazards. On the other hand, the harsh climatic conditions in the immediate proximity of the escarpment form a major constraint for utilization. Therefore, the density of grazing posts is lower and the number of abandoned and deserted stock outposts is higher in the uppermost tributaries than in the lower lying valley sections (Fig. 2 -Suppl. III) . Abandonment of grazing posts can result for multiple reasons. These reasons comprise inter-annual variations in utilization due to changes in mafisa arrangements, insufficient pasture and fuel wood resources, and the extent of burning and the resulting lack of tussock grasses necessary for roof thatching of the motebos.
The figures from 1988 and 1999 show a remarkable and in some cases an extreme decrease in the intensity of high pasture utilization. The decrease in livestock units and resulting stocking densities is more pronounced in the Jareteng and Langa-le-balele Valleys and in the case of sheep and goats in both summer and winter grazing areas. Only the pastures of the Merareng Valley, situated in close proximity to the uppermost permanent settlements, show a slight increase in the intensity of utilization, especially in the case of winter grazing. These results are supported by the numbers and seasonal utilization of motebos (Fig. 2 -Suppl. III) . Whereas the totals of summer grazing posts have decreased in all valleys between 1988 and 1999, the numbers of permanently used grazing posts do not vary to any great extent (Tab. 3). Only the figures from the Merareng Valley show a slight increase in permanent grazing posts. Interviews with the shepherds in the Jareteng and Langa-le-balele Valleys revealed that the intensity of winter use decreased in these upper tributaries after the snow disaster occurring in 1996. This hazardous event resulted in a snow cover, which lasted for more than three months on the summits of the Drakensberg escarpment.
Land cover change
In order to correlate the results of the comparative analyses of pastoral utilization intensity with corresponding land cover change, multi-temporal satellite data (Landsat 5 TM imagery, 169/80) from the end of the vegetation period in March 1989 and March 1999 were assumed to be a suitable data source for change detection.
9) Both images (9.3.1989 and 5.3.1999) show similar atmospheric conditions. Precipitation data from Underberg (Station Shaleburn, 1613 m, 29°48' S, 29°21'E) in South Africa, situated c. 60 km to the south of Sanqebethu Valley at the foot of the escarpment, in- A certain decrease in vegetation cover and corresponding pasture phytomass can be detected, especially in places of grazing post concentrations and more accessible areas, e.g. in the Sanqebethu Valley and in the lower portions of the Jareteng and Langa-le-balele Valleys. On the other hand, the large wetlands in the remote upper sections of the Merareng and Mokhotlong Valleys do not show detectable changes (Fig. 4) .
The results from interpretation of remote sensing data are supported by recent field surveys and vegetation transects.
12) According to these data, the slopes of the Sanqebethu Valley between approximately 2700 and 2980 m reveal poor range conditions with high proportions of Chrysocoma ciliata and Pentzia cooperi. The open grasslands between basalt outcrops are generally characterized by heavy grazing with high intensity of winter grazing and single stands of burnt Merxmuellera drakensbergensis patches. Also the predominantly northfacing transects from the Jareteng and Langa-le-balele Valleys (2750-3150 m) show poor to fair range conditions. Obviously these areas are heavily grazed, especially in the vicinity of grazing post concentrations near the river junctions.
Poor range conditions, discernible erosion and turf loss in the lower valley sections must be regarded as consequences of permanent grazing pressure throughout the year. In contrast, in some of the higher tributaries range conditions are more positive (Photo 4). The harsh climatic conditions in these upper valley heads present a major constraint to herders and livestock and the grasslands in close proximity of the escarpment can be described as 'additional' summer pastures. The same holds true for the above mentioned wetlands in the upper sections of the Merareng and Mokhotlong Valleys.
Discussion and conclusions
The study area is part of a mountain environment that has been transformed by pastoral utilization during the past century. Research findings from the late 1980s (QUINLAN 1989, 67; MORRIS et al. 1989, 84-85) show an exponential increase in grazing post numbers between the 1930s and the late 1980s. The rapid expansion of pastoral utilization in the upper ecological belt is further reinforced by the tendency to extend the grazing period in the high altitude grasslands due to degradation of winter pastures in the village environs (QUINLAN a. MORRIS 1994, 78; QUINLAN 1995, 503) . Apparently, these findings correspond to the typical developmental scenario for Lesotho. However, the assessment of recent land use change between 1988 and 1999 presented here provides evidence for a con- 10) These data were kindly provided by S. Grab (University of the Witwatersrand, Johannesburg). Corresponding rainfall data from the study area are not available.
11) Landsat TM bands 4 (Near Infrared, NIR) and 3 (Red) of corresponding subsets have been used to calculate this standard vegetation index according to the algorithm NDVI = (NIR-Red)/(NIR+Red). This transformation of multispectral data into a single image band indicates the amount of green phytomass present in each pixel and represents vegetation distribution.
12) The vegetation transects were carried out using the metric belt transect method, which is used to determine cover, species composition, relative species abundance and phytomass production. This method uses a double-sampling technique to convert crown cover measurements for the species to total standing phytomass by species and, thereafter, for the transect (SCHMUTZ et al. 1982; MORRIS et al. 1989). trasting trend, characterized by a conspicuous decrease in the intensity of high pasture utilization. As annual data of utilization intensity and continuous time series of animal numbers are not available, interpretation of change over the interim decade is based on the two years of observation only. The explanation of contemporary land use and land cover change between the late 1980s and the late 1990s needs to incorporate multifactorial causes. These principal components of pastoral development include climatic impacts such as rain- fall variability and natural hazards, exogenous factors such as market-orientated incentives and constraints, and responding changes in livelihood strategies (Fig. 5) . Apparently, inter-annual rainfall variability and natural hazards cause significant modifications in the intensity of pastoral utilization. However, the marked decrease in pastoral utilization between 1988 and 1999 cannot be satisfactorily explained as a consequence of livestock losses after the snowfall during July 1996, because the data for 1988 also reflect the preceding snow hazard from late September 1987. The recent decrease in small stock populations can only be explained by exogenous factors such as falling prices and unpopular marketing arrangements for wool and mohair (PHO-RORO a. SIBOLLA 1999, 62). Despite the significant reduction in high pasture utilization, the comparative analysis of satellite imagery reveals a slight decrease in vegetation cover of the high altitude grasslands over the interim decade. It remains uncertain to what extent land cover change results from continuous (although reduced) grazing pressure or from differences in precipitation between 1989 and 1999. However, the detectable pattern of grassland degradation in the vicinity of permanent grazing posts indicates continued over-use throughout the year. Evidently, the high intensity of winter and early spring grazing primarily accounts for the observed degradation of pastures in the lower valley sections.
The high altitude grasslands of Lesotho are managed under a common property regime and the grazing system follows a utilization strategy, which is typical for non-equilibrium environments. As the livestock economy is prone to natural hazards and high levels of rainfall variability, mobility and flexibility are considered key components of regional livelihood strategies under the prevailing conditions of uncertainty.
Grazing issues in Lesotho are typically presented as a 'tragedy of the commons' scenario together with conventional policy solutions of increased state control over the pastoral resources or privatization of rangelands (MAJORO 1999, 15) . The most substantial Government intervention to address grazing issues has been the introduction of the Range Management Areas Programme. As this programme questions the legitimacy of the traditional transhumance pattern and proposes reductions in stock numbers aligned to ecological carrying capacities, it has largely been rejected by the local Basotho population. Without recognizing the principles, necessities, shortcomings and possible alternatives of the current transhumance pattern, any effort to reduce animal numbers in the high altitude grasslands will definitely lead to overstocking and further degradation of lower lying winter pastures in the vicinity of the permanent settlements. A participatory approach and a recognition of existing rules and regulations in the management of common property regimes are essential requirements for effective planning of pastoral resource management. Recent concepts on managing common pool resources (e.g. OSTROM 1990; HANNA et al. 1995; BERKES a. FOLKE 1998) 
